2 S-F/Pd(II) hybrids on the hydrogenation of 1-octene in methanol as a catalytic test were evaluated. 100 % conversion to n-octane at T = 323.1 K and P = 15 bar, was obtained with both catalysts and most of Pd(II) was reduced to Pd(0) nanoparticles, which remained on the AC surface. Reusing of the catalysts in three additional cycles reveals that the catalyst bearing the F ligand with larger Pd-complexing ability showed no loss of activity (100 % conversion to n-octane) which is assigned to its larger structural stability. The catalyst with the weaker F ligand underwent progressive loss of activity (from 100 % to 79 % in four cycles), due to the constant aggregation of the Pd (0) nanoparticles. Milder conditions, T = 303.1 K and P =1.5 bar, prevent the aggregation of the Pd(0) nanoparticles in this catalyst allowing the retaining of high catalytic efficiency (100 % conversion) in four reaction cycles.
Introduction
It is known that the interest in heterogeneous catalysis partially comes from the possibility of an easier and more complete recovery of the catalyst (which often implies low contamination of the reaction medium) than in homogeneous catalysis.
Functionalized carbon materials, including activated carbons (ACs), carbon nanotubes (NTs) and graphene (G), and other materials such as zeolites and silica gels, are used as solid materials having both catalytic and adsorbent properties. [1] [2] [3] [4] [5] [6] [7] Nevertheless, ACs are accessible and low-cost materials as they are obtained not only from different natural sources, but also from waste materials (which are so converted into added value products). [2] [3] [4] [5] [6] [7] [8] [9] [10] Thus, ACs are extensively used as solid supports in heterogeneous catalysis due to their high surface areas, chemical stabilities and high adsorptivities are very important features for this purpose. The suitable control of the catalyst preparation from ACs is a crucial issue to reach large efficiency. Thus, the aim is to have catalysts with suitable amounts of surface-active sites and a highly homogeneous distribution of them.
We have reported that the adsorption of molecules of Ar-S-F type (Scheme 1) on ACs under controlled conditions results in their homogeneous distribution on the surface due to π-π interactions between the pyrimidine residue, Ar of Ar-S-F, and the arene centers (Cπ) of the graphene surface (Scheme 1). [11] [12] [13] Moreover if the majority of the Ar-S-F molecules are adsorbed into open pores (meso-and macropores) the strong π-π interactions give rise to stable AC/Ar-S-F hybrid materials. In these hybrids the functional groups conjugated with the pyrimidine (plane) residue are blocked (due to the plane to plane interaction) whilst, should the character of S-F residues are non-aromatic, the properties of F (free) functions are efficiently transferred to the AC surface. Should the Ar-S-F molecules adsorb on narrow pores the functions F are submitted to stereochemical restrictions which block the F properties. 14 Thus, once the Ar-S-F molecules are adsorbed into open pores the subsequent adsorption of metal ions by the hybrid materials AC/Ar-S-F is mainly controlled via complexation of the metal ion by the F function (Scheme 1). 12, 13, [15] [16] [17] This provides a suitable strategy to prepare solid catalysts based on the catalytic properties of metal-ion complexes supported on the graphene surface of the AC. This method catalyst preparation has two important advantages: i) it allows the exhaustive control of the amount of active sites on the surface of the hybrid material and ii) the textural and chemical functions of the starting AC remain unaltered in the hybrid due to the soft conditions of preparation.
Scheme 1. At the top, the structure of a molecular receptor of the Ar-S-F type. At the bottom the schematic representation of the attachment of Ar-S-F to a graphene sheet of an AC (step 1) and the attachment of a metal ion to the Ar-S-F hybrid via complexation with F function (step 2).
Palladium (II) complexes have been extensively used as catalysts 18, 19 in homogeneous phase in reactions such as the CO 2 hydrogenation to obtain methanol, 20 the preparation of biodiesel, 21 the cross coupling reactions in organic synthesis 22 , 23 and the hydrogenation of alkenes. [24] [25] [26] [27] [28] [29] [30] [31] These last reactions are widely used in processes such as in the hydrogenation of petroleum cracking byproducts and in the fatty acid hydrogenation. [28] [29] [30] The main drawback of using Pd(II) catalysts is their high cost, but this can be overcome by optimizing both the efficiency of the catalytic processes and the reusability of the catalysts. Thus, designing efficient and easily recoverable Pd(II) catalysts in solid phase is an important issue, in particular for the reactions of hydrogenation of alkenes, for which the literature is scarce. [32] [33] [34] [35] [36] [37] Pd(II)-amino acids complexes supported on polymeric resins have been prepared and used as catalysts for the hydrogenation of olefins. 38 Similarly, Pd(II)-amino complexes supported on zeolites have been used for the partial hydrogenation of 1,3-ciclooctadiene. Moreover, Pd(II)-amino complexes supported on activated carbons have been also used as solid catalysts in hydrogenation reactions. 36, [39] [40] [41] The aim of this work is to obtain AC/Ar-S-F/Pd(II) hybrid materials with high catalytic efficiencies. Moreover, the aim is also to show that these efficiencies depend on: i) the suitable control of both the chemical nature and the amount of catalytic active sites (i.e., the surface-attached complex), and ii) the homogeneous distribution of the functions on the surface of the catalyst. Our results show that these requirements are reached provided the above described methodology (Scheme 1) is used for the preparation of the catalysts. Thus, two AC-based hybrids derived from two ligands of the Ar-S-F type 
Experimental Chemicals
A commercial activated carbon, AC, Merck K24504014 (Merck hereinafter), previously characterized, 11, 13, 14 was used as-received. All solvents and other chemicals were of analytical grade and used as received.
The preparation of Lys and Tren compounds was carried out according to a general procedure already reported. 42 The two compounds were structurally characterized by conventional spectroscopic and analytical techniques.
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Preparation of the catalysts
The two catalysts, Merck/Lys-Pd and Merck/Tren-Pd, were prepared according to the two-step procedure of Scheme 1. The first one consisted on the preparation of Merck/Lys and Merck/Tren hybrid materials, which was done following previously described procedures. 12, 15 The amounts of the receptors adsorbed were 0.71 mmol/g, in the case of Lys, and 0.43 mmol/g in the case of Tren. 
Nitrogen adsorption isotherms
The textural characteristics of the parent AC and of the hybrids have been determined by nitrogen adsorption at 77 K by using ASAP 2020 equipment. The surface areas have been obtained by applying the BET equation to the adsorption data and the pore size distributions have been determined by DFT.
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TEM micrographs
The morphology of the catalysts has been observed in the TEM images obtained with a JEOl Mod. JEM-2010 equipment of the STI services of the University of Alicante (Spain).
XPS spectra
The XPS spectra of solid samples were registered with a ESCA5701 instrument To study the potential reutilization of the Merck/Lys-Pd and Merck/Tren-Pd catalysts, these catalysts were filtered in air after each reaction run, thoroughly washed with methanol, and then used in a new catalytic test under the same conditions.
Results and discussion
Characterization of Merck/Tren and Merck/Lys
The analytical data and the XPS spectra of Merck/Tren and Merck/Lys (used to subsequently obtain Merck/Tren-Pd and Merck/Lys-Pd catalysts) have been already reported. 12, 14, 15, 17 The adsorption-desorption isotherms of N 2 on both hybrid materials together with these of Merck are shown in Figure 1 . The pore size distributions obtained from the isotherms are collected in Figure 2 . The isotherms are of Type IV according to the IUPAC classification and they show hysteresis loops which suggest the existence of mesopores.
According to what it is seen in figure 1 , the BET surface area decreases from 854 m 
Characterization of the catalysts
As already commented the two catalysts, Merck/Lys-Pd and Merck/Tren-Pd, were prepared by adsorption of PdCl 4 2-on Merck/Lys and Merck/Tren hybrid materials (see experimental section). Their chemical compositions are summarized in Table 1 Merck/Tren-Pd catalyst.
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Stability of the catalysts
The chemical compositions of the catalysts before and after being used in four reaction cycles are collected in Table 2 . This table also contains the values of the factor R whose meaning is addressed later. The values in Table 2 indicate some leaching of the starting material after the first reaction cycle as it is suggested by the N and Pd losses. Moreover, previous studies have shown that the partial solvolysis only affects to those molecules that are subjected to severe stereochemical constraints affecting their -NH-S-F residues. It has also been shown that this is more probable in those molecules which are adsorbed into the narrowest pores.
14 Table 2 . Chemical composition of the catalysts before and after being used (P = 15 bar; T = 323.1 K). After the first reaction cycle, the catalysts were used in three additional cycles under the same reaction conditions. The data of catalytic activity are shown in Table 3 and those of chemical composition in Table 2 . Unlike to the first reaction cycle, the analytical values of Table 2 suggest that no leaching occurs during the 2-4 reaction cycles. Nevertheless, constant deactivation is shown by the decrease of activity from the first cycle (100% conversion to n-octane) to the fourth (c.a. 79 % conversion) in the case of Merck/Lys-Pd catalyst. Moreover some amount of 1-octene (c.a. 6% and 9%) is transformed into 2-octene in the three last cycles. In addition, the TOF values steadily decrease from 0.052 s -1 to 0.037. The XPS spectra (Figure 2 ) and the TEM micrographs of the catalysts after being used in each reaction cycle support that the Pd is present as Pd(0) nanoparticles on the AC surface. These facts lean us to think that the loss of catalytic activity of Merk/Lys-Pd could be due to changes in the Pd(0) particle size.
Catalyst Reaction Cycle C(%) H(%) N(%) O(%)
These changes can be easily assessed from the analysis of the R parameter (R = (Pd/C) XPS /(Pd/C) EA , being (Pd/C) XPS obtained from the intensities of Pd and C components of the XPS spectra and (Pd/C) EA from the analytical data). 63 As the chemical composition (i.e. the Pd and C contents) of the catalysts doesn't vary significantly after the first reaction cycle, the R parameter has to remain constant during the three last reaction cycles should any sintering of Pd (0) . Nevertheless, the steady decrease of R from 20.7, to 9.9 from the second to the fourth cycle, due to the decrease in the intensity of the Pd XPS signal, clearly suggests the sintering of the Pd(0) particle when the catalyst is reused.
The sintering of the Pd(0) particles formed after the first reaction cycle was assessed by measuring the mean particle sizes in TEM images of Merck/Lys-Pd catalyst after the first and fourth cycles. The values change from 7.3 nm to 13.3 nm, which clearly agrees with the conclusions obtained from the above analysis of the R values.
The data in Table 3 also show that Merck/Tren-Pd keeps its efficiency when it is reused (100 % conversion to n-octane and constant TOF values) in three additional cycles.
Moreover, this catalyst does not undergo significant changes in the chemical composition which suggests that no further solvolysis of the S-F residue or Pd loss occurs under reusing. Nevertheless, unlike Merck/Lys-Pd, the value of R for Merck/Tren-Pd decreases from 52.7 to 21.5 in the first reaction cycle (due to lixiviation of Pd) but it remains constant after three additional ones, pointing out insignificant aggregation of the Pd(0) nanoparticles. We could not carried out in this case the assessment of no aggregation of the Pd(0) nano-particles after reusing the catalyst due to the number of particles to be analysed was very low. These results show that the structural stability of the catalysts obtained after the first reaction cycle is crucial for preserving their catalytic activities. Thus, the higher stability of Merck/Tren-Pd (i.e., higher catalytic efficiency) has to be related with the binding ability of the triamine function of Tren to Pd(0) nanoparticles is higher than this of the COO--CHR-NH 2 function of Lys in Merck/Lys-Pd.
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Influence of temperature and pressure on the stability of Merck/Lys-Pd and
Merck/Tren-Pd catalysts
The reaction was carried out at T = 303.1 K and P = 1.5 bar to study the influence of the pressure and the temperature on the catalytic behavior of Merck/Lys-Pd and Merck/Tren-Pd. The reactivity data of four reaction cycles are summarized in Table 4 .
When Merck/Lys-Pd is used, the total conversion of 1-octene was obtained in the four reaction cycles with little amounts of 2-octene (between 0.0 % to 4.6 %) as reaction byproduct. These results clearly improve those obtained when the reaction was carried out at T = 323.1 K and P = 15 bar (Table 3) . Nevertheless, these milder reaction conditions require a much larger reaction time: 240 min, i.e. almost twice that needed in the previous conditions. Moreover, the TOF values, 0.026 s -1 for the four reaction cycles, are almost half of these previously obtained.
The composition and the XPS spectra of the fresh and reused catalysts are collected in Table 5 and Figure 9 , respectively. The data of Merck/Lys-Pd in Table 5 shows that the nitrogen content steadily decreases to a final value very similar to the constant value obtained after the first reaction cycle in the reaction at T = 323.1 and P = 15 bar (see Table 2 ). This result suggests that the solvolytic process of the Lys-Pd residue (of Ar/Lys-Pd, see above) probably slows down at this smaller temperature. Nevertheless, the extension of the solvolysis is similar to this resulting under more drastic conditions due to the larger reaction times. Moreover, a steady Pd loss, to a final value slightly higher than this obtained at 323.1 K and 15 bar takes place. The small P H2 used in the reaction determines that the Pd (II) remaining on the surface of the catalysts is slowly but completely reduced to Pd(0) (see Figure 9) .
Thus, the solvolysis of the anchored receptors affects to almost the same amount of molecules when the hydrogenation reaction takes place at milder conditions and at T = 323.1 K and P H2 = 15 bar. This fact strongly supports the above hypothesis that the solvolytic process mainly affects the less stable C(2)-NH bonds of the molecules adsorbed in narrow micropores. Interestingly, the slowdown of the solvolysis and the Pd loss occurring at the milder reaction conditions have a significant influence in the structure of the Merck/Lys-Pd catalyst as it can be deduced from the R values in Table 5 . Thus, the R value increases This migration process is probably the reason which explains that the R values remain almost constant (Table 5 ) after the second reaction cycle, in spite of the steady Pd loss. The activity of Merck/Tren-Pd regarding the conversion to n-octane was similar to this obtained at 323.1 K and 15 bar, i.e. almost 100 % conversion to n-octane in the four reaction cycles (Table 4) This catalyst showed very high efficiency (100 % conversion to n-octane) and no traces of 2-octene were found in four reaction cycles. Moreover, the reaction times in the four reaction cycles (275 min), were very similar to those found in the case of the Merck/Tren-Pd. Thus, the TOF value in the fourth cycles, 0.072, was three time higher than this of Merck/Tren-Pd (0.023). Therefore it is plausible to think that the presence in Merck/Tren-Pd of PdCl 4 2-(which are less efficient than F-Pd, as commented above)
probably hinder the accessibility of the substrate molecules to the most effective TrenPd centers. This result shows that the control of a suitable functional homogeneity is very important to optimize the efficiency of the catalyst of AC/Ar-S-F-Metal-ion type.
The evolution of the structure of Merck/Tren-Pd-1/1 catalyst during the four reaction cycles is very similar to the described in the previous section for Merck/Tren-Pd. Thus, there is a slow but total reduction of Pd(II) through the four reaction cycles. Moreover, most of the metal remains stabilized on the surface of the catalysts as Pd (0) nanoparticles. In addition, a partial solvolysis of Ar-S-F-Pd residues (c.a. 25 %) and minor Pd lixiviation are produced. 
Conclusions
